recommended, when considering cost and ease of use and performance [17, 18. 19. 20] . Recently, the multiplex PCR technique has proven effective in the identification of two kdr 1 0 6 mutations (V1,016G and F1,534C) simultaneously in Ae. aegypti [21] . In addition, it is 1 0 7 possible to adapt it to different biochemical assays that not only reveal the amplified 1 0 8 products optimally, but also contribute to improving the reliability, cost and performance of 1 0 9 resistance monitoring [22] .
The aim of this study was to develop a multiplex PCR method to detect three 1 1 1 mutations, V410L, V1,016I and F1,534C, in Ae. aegypti in a single reaction. This technique 1 1 2 can reduce the cost and time spent to monitor allelic frequencies in many countries where 1 1 3 all three mutations co-occur. Field collections of Ae. aegypti were carried out in 2018 from three states in Mexico:
Nuevo Leon in the northeast with two locations, Monterrey and Guadalupe; Yucatan in the 1 1 9 southeast with two locations, Merida and San Antonio Kaua; and Chiapas in the south with 1 2 0 one location. Mosquitoes collected in the field were at immature stages, and they were reared to 1 2 2 adults under laboratory conditions at 25±4°C and a 12:12 h photoperiod. They were 1 2 3 morphologically identified and stored at -20°C until DNA extraction. The amplification primers used for the variants of loci 410, 1,016 and 1,534 are given in The specific oligonucleotides V410fw and L410fw amplify a region of 113 bp, protocol. The DNA samples used in the amplification process were in a concentration range 1 5 0 of 20-250 ng/μL. The final reaction mixture was 19.12 μL and contained: 1.02X buffer, 1 5 1 1.53 mM MgCl 2 , 0.2 mM dNTPs, oligonucleotides for genotyping 410 at a final reaction 1 5 2 concentration of 1.27 pmol/μL, for 1,016 at 1.02 pmol/μL and for 1,534 at 0.82 pmol/μL 1 5 3 (Table 1) , and also 5 U Taq DNA polymerase. The reaction was carried out in a Multigene Optimax thermal cycler (Labnet 1 5 5
International, Edison, NJ, USA). The reaction conditions were as follows: 95°C for 2 min 1 5 6 for the initial separation of the DNA strands, followed by 45 cycles of 95°C (30 s), 58.6°C 1 5 7
(1 min) and 72°C ( 30 s) and a final extension for 2 min. New Orleans strains was used as susceptible control. PCR products per sample, whose size indicated the genotypic combination for loci 410, Mosquito DNA of each population was used to detect the mutations V410L, V1,016I and 1 7 7 F1,534C. Molecular assays were conducted on 147 mosquitoes of the populations analyzed. The genotype L410/L410 (homozygous mutant) was seen as a single band of 113 bp and 1 7 9 the homozygous wild-type genotype (V410/V410) as a single band of 133 bp, while the 1 8 0 heterozygous genotype (V410/L410) showed both bands. Genotype I1,016/I1,016 1 8 1 (homozygous mutant) was seen as a single band of 82bp and the homozygous wild-type In the case of the detection of the F1534C mutation, an internal control band of 368 bp is shows the molecular weight marker (25pb DNA Ladder). Lane 2 corresponds to a resistant that all samples had the same genotype using multiplex PCR as with AS-PCR (Tables 2 and   2  1  0 3) .
1 1
The analysis of the frequencies of the L410, I1,016 and C1,534 was determined in 2 1 2 the 147 mosquitoes of the five selected populations. The frequencies for the allele L410 in Guadalupe, respectively (Table 3) .
In the populations analyzed, co-occurrence of homozygous resistant genotypes was 2 2 1 greatest in the population of San Antonio Kaua, followed by the population of Merida, both double heterozygous for 410 and 1,016 and homozygous resistant for 1,534 (V410/L410, 2 2 5 V1,016/I1,016, C1,534/C1,534) (Table 4 ). Performing PCR even today still takes time and effort; however, the objective of 2 2 9 developing a multiplex PCR method is mainly to reduce these factors by being able to 2 3 0 amplify various alleles in the same reaction. This is difficult when it is time to standardize 2 3 1 the method, where each pair of primers included increases the difficulty since it is not 2 3 2 enough to match the Tm (melting temperature) and AG (adenosine:guanidine) of these, so 2 3 3 extra effort is needed in their design [25] . The optimization of every multiplex PCR method has critical difficulties. The 2 3 5 design of the primers is key to a successful PCR, and the presence of more than one pair 2 3 6 increases the possibility of dimers and also requires the adjustment of the other PCR One of the main utilities of multiplex PCR is the simultaneous detection of multiple Listeria monocytogenes [27, 28] , including allele-specific multiplex PCR for detection of 2 4 1 multiresistance in Mycobacterium tuberculosis [29] . However, the utility of multiplex PCR 2 4 2 is not limited to this; one of the first reports of detection of multiple kdr mutations for a 2 4 3 single L1014L/S site by multiplex PCR was performed by Tan et al. [30] for the alleles L/S 2 4 4 (TTG/TCG), L/F (TTG/TTT) and L/L (TTG/TTG). Assays have been performed for the 2 4 5 detection of V1,016I and F1,534C mutations individually [10, 24] , and as multiplex PCR with other mutations such as V1,016G and F1,534C, T1520I and F1,534C [21, 31] . The 2 4 7 V410L mutation was first detected in co-occurrence with the V1,016I and F1,534C 
